INTRODUCTION
Cultural anthropological studies demonstrate that altered states of consciousness occur in healthy people during various forms of possession trances in many societies throughout the world [1±3] . Although various procedures are used to lead people to trance states according to different cultures, it is likely that these altered states of consciousness may involve common altered physiological states. Nevertheless, the underlying neurophysiological mechanisms remain unknown due to the lack of physiological investigation of such phenomena. One reason for this is that induction of a true possession trance is dif®cult in a laboratory setting, because a possession trance is always induced by a speci®cally controlled procedure in each culture. Therefore, in vivo ®eld studies of naturally induced trances are required to provide meaningful data of the physiological mechanisms underlying possession trances. There are at least two major dif®culties of in vivo ®eld studies of possession trances. First, it is extremely dif®cult to obtain volunteer subjects because of the sacred context of possession trances [4] . Second, it is not easy to establish controlled experimental conditions in the ®eld, not only at a technical level, but also because the conditions of any such study must exist within the institutional and religious situation of the ritual ceremonies that induce possession trances [5] .
In the present study, we investigated the physiological mechanism underlying possession trances by examining plasma concentrations of neuroactive substances. For this purpose, we selected a ritual drama in Bali Island, Indonesia as a target of the study, because a prior survey showed that this drama frequently induced a relatively uniform pattern of the possession trances. To overcome the dif®cul-ties described above, we have been working for $20 years to establish mutual trust with several communities of local people and executive of®cers in Bali, so as to be allowed access to subjects participating in sacred ritual dramas. Thus, for the ®rst time, we have measured the plasma concentrations of several neuroactive substances: catecholamines, their metabolites, and neuropeptides, from subjects involved in ritual dramas under natural conditions. The results of the present study indicate that possession trances are associated with a signi®cant increase in plasma concentrations of catecholamines and opioid peptides.
MATERIALS AND METHODS
Subjects: A total of 24 healthy Balinese males (age: 35.4 AE 8.3 years) participated in this study. All of them acted the same character, namely warriors ®ghting with a witch, in the same kind of dedicatory ritual drama called Calonarang. Calonarang is the most popular dedicatory drama and is performed in the garden of a Balinese temple at midnight. In its story, the warriors are believed to be possessed by evil sprits through the witch's power. This Calonarang is observed broadly throughout many regions in Bali and frequently induces possession trances under similar procedures and environmental conditions. Data from 24 subjects were collected on seven separate occasions; 3 or 4 subjects on each occasion. According to the appearance and behavior of the subjects in the drama, the subjects were divided into two groups. Fifteen subjects exhibited speci®c possession trance behaviors (e.g. ®xed, unfocused eyes; mask-like expression; stiffening of the limbs; tremor) during their acting (trance group), whereas nine subjects did not exhibit possession trance behavior and simply performed actions similar to those of the trance group (control group). The subjects were fully informed about the experiment by Dr Samatra (a Balinese medical doctor), and provided written consent before the experiment. This study was performed in accordance with the recommended rules by the local ethical committee of University of Tsukuba.
Blood sampling and analysis: All the subjects fasted for > 4 h and refrained from smoking and drinking tea or coffee for > 2 h before the ®rst blood sample was collected. Approximately 15 min before the ritual drama started, the subjects sat in a relaxed position and their blood pressure and heart rate were measured. Then 24 ml of blood was collected from the antecubital vein of each subject. Within 6 min after the drama ®nished, the same procedure was repeated for each subject. Baseline levels were established in 19 of 24 subjects using the same sampling procedure on a day that the ritual was not performed, matching the preritual time, considering altered daily rhythms. Basic personal data including medical history, trance history, and family history were obtained by interview before the drama. Episodic recall and subjective impression before, during, and after the trance were obtained from each subject after the ritual drama ended via a standard clinical interview.
Blood was collected into three vacuum tubes containing EDTA-2Na and one tube containing EDTA-2Na and trasylol. The tubes were centrifuged at 800 3 g for 10 min to separate the plasma using a custom-built, battery-powered portable centrifuge developed for ®eld use. The plasma samples were rapidly frozen in dry ice and stored at À708C until assayed for three catecholamines: adrenaline (AD), noradrenaline (NA), and dopamine (DA); three catecholamine metabolites: vanillylmandelic acid (VMA), 3-methoxy-4-hydroxy-phenylglycol (MHPG), and homovanillic acid (HVA); and three neuropeptides: adrenocorticotropic hormone (ACTH), â-endorphin, and orexin-A. All substances were examined by SRL Inc. (Tokyo, Japan) according to the manufacturer's instructions [6] . The catecholamines and their metabolites were assayed using HPLC and the neuropeptides using radioimmunoassay.
Statistical evaluation: Statistical evaluation was performed using SPSS software (SPSS Inc., Chicago, IL, USA).
First, the heart rate, systolic blood pressure, and plasma concentration of each substance examined were subjected to repeated measures (RM) ANOVA with a within-subject factor of condition (pre-ritual vs post-ritual measures) and a between-subject factor of group (trance group vs control group). For the substances that exhibited non-negligible condition by group interaction, delta was de®ned as the difference in the plasma concentration of each substance between pre-ritual and post-ritual measures. Because the equality of variance of delta between the two groups was rejected for all the above substances with a signi®cance level of p , 0.05 using Levene's test and because there was no evidence to reject normal distribution of the data, we used unpaired Student's t-tests with separate-variance estimates for the two groups to examine the difference in delta between the two groups. Additionally, to compare the plasma concentrations of the pre-ritual condition with baseline levels that were measured on a different day, separate RM-ANOVAs were performed on the data from 19 subjects.
RESULTS
Behavioral appearance of the subjects: After the preritual measures were taken, the subjects waited for their acting scene in the drama. The mean waiting time was 99 AE 63 min (n 24). During the climax scene, the subjects entered the performance space and began to act as warriors. The 15 subjects later included in the trance group attacked the person playing a witch with a sword. They threw themselves against the witch, glowered at her, staggered around for a while, and then threw themselves again. They performed these automatism-like behaviors repeatedly. They exhibited a mask-like face with their eyes ®xed but unfocused. They vigorously poked their sword against their chest, abdomen, head, and face. Some of them devoured live chicks as sacri®ces. Finally, they fell to the ground with stiff limbs. A few of them exhibited tremors. After a priest sprinkled a few drops of holy water on their faces and bodies and assistants patted them, they were able to stand (with assistance) and gradually returned to a normal state in a few minutes. The mean duration of possession trances was 7.2 AE 5.1 min (n 15). Without exception, all subjects in the trance group exhibited anterograde amnesia of the episode.
In contrast, the nine subjects later included in the control group also acted as warriors. None of them ate the live chicks, but otherwise they performed the same actions as those of the trance group. Nevertheless, their facial expressions (including their eyes) appeared normal and markedly different from those of the trance group. They also fell down in the ®nal scene, but just after, when receiving holy water, they suddenly and easily stood up with no assistance and behaved as usual. No muscle rigidity or tremor was observed. Without exception, none in the control group exhibited any memory disturbance of the episode.
Although heart rate increased signi®cantly from pre-to post-ritual (condition: p , 0.001), this change was the same for both groups (group: p 0.16, interaction: p 0.70). Systolic blood pressure did not differ (condition: p 0.38, group: p 0.59, interaction: p 0.33).
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the substances examined, except orexin-A, signi®cantly increased post-ritual compared with pre-ritual measures (Fig. 1) . The condition 3 group interaction was signi®cant for NA and DA ( p , 0.05) and approached signi®cance for â-endorphin ( p 0.052). Further analysis using unpaired Student's t-tests with separate-variance estimates for the two groups revealed that the trance group exhibited a signi®cantly greater increase in NA, DA, and â-endorphin post-ritual compared with pre-ritual measures (i.e. delta) than did the control group (Fig. 2) . We also con®rmed that the conclusions of this study would not change even with non-parametric statistics (Mann-Whitney U-test: NA, p , 0.05; DA, p , 0.01; â-endorphin, p , 0.05).
There was no signi®cant main effect or interaction between baseline and pre-ritual plasma concentrations for any substances examined, except that a main effect of condition was observed for AD (pre-ritual . baseline, p , 0.05) and a main effect of group was observed for DA (trance group . control group, p , 0.05). The baseline and pre-ritual values for all subjects for all substances except orexin-A were within the normal range of values for healthy people established by SRL [6] . The normal range of values for orexin-A has not been established by SRL, because this substance has been recently discovered.
DISCUSSION
The results of the present study indicate that the plasma concentrations of NA, DA, and â-endorphin increased to a signi®cantly greater degree in subjects exhibiting possession trance behavior than in control subjects.
The plasma concentrations of all the substances examined, except orexin-A, increased post-ritual compared with pre-ritual measures. It is known that catecholamines increase during exercise vigorous enough to cause increased heart rate (130 b.p.m.) [7] . In contrast, it has been reported that â-endorphin does not increase signi®cantly during light exercise, but does increase with intensive exercise in which heart rate exceeds $160 b.p.m. ACTH is synthesized from the same precursor protein for â-endorphin in the anterior lobe of the pituitary gland, and therefore its plasma concentration parallels that of â-endorphin during exercise [8] . Both the central and peripheral nervous systems are considered to contribute to plasma concentrations of these substances during physical exercise [9] .
Although it is a drawback that the plasma concentration of these substances re¯ects changes not only in the central but also in the peripheral nervous system, there is a signi®cant advantage that blood samples can be easily and repeatedly collected compared with cerebrospinal¯uid collection, especially in the ®eld. In the present study, we could not examine the detailed indexes representing the strength of physical exercise, such as V o 2max or blood lactic acid concentration [10] , due to the limitations of the experimental conditions. Nevertheless, heart rate and Fig. 2 . Difference in plasma concentrations between pre-and postritual measures (DELTA) for NA, DA, and â-endorphin. Each value is the mean AE s.e. Unpaired Student's t-tests with separate-variance estimates for each group showed that delta values for NA, DA, and â-endorphin for the trance group were signi®cantly greater than those for the control group.
blood pressure did not differ between the trance and control groups. Taken together with the behavioral observation of the subjects during the drama, this result suggests that a difference in the strength of physical exercise between the two groups does not explain the signi®cantly greater increase of NA, DA, and â-endorphin speci®c to the trance group. The signi®cant increase in NA, DA, and â-endorphin in the trance group raises the possibility that activation of these neuronal circuits in the CNS has a role in the altered states of consciousness, memory de®cits, and unusual behavior observed during possession trances.
The plasma concentration of NA correlates with that in the cerebrospinal¯uid, which, in turn, correlates with its activity in the CNS [11] . In the medulla, NA-producing neurons are located in the ventral (A1) and dorsal (A2) columns, which primarily project to the hypothalamus and control cardiovascular and endocrine functions [12±14] . NA neurons also exist in the ventral (A5 and A7) and dorsal (A6) columns of the pons [12±14]. The dorsal A6 group projects from the locus ceruleus to the mesencephallic periaqueductal gray, medial forebrain bundle, amygdala, hippocampus, thalamus, and cerebral cortex [12±14] . These are involved in vigilance and responsiveness to environmental stimuli. The ventral A5 and A7 neurons primarily project to the spinal cord and modulate autonomic re¯exes and pain sensation [12±14] . We suggest that an increase in the plasma concentration of NA may re¯ect, in part, the activation of the central NA system, which may represent the physiological mechanism underlying the hyperarousal state, tensity, stenosis of consciousness, and decreased pain sensation during possession trances.
DA-producing neurons are located primarily in the substantia nigra (A9), adjacent retrorubral ®eld (A8), ventral tegmental area (A10), and hypothalamus (A11, A12, A13, A14) [14±16]. There are major ascending DA projections from the A8-A10 neurons to the striatum, limbic system, and frontal and temporal cortices [14±16]. These pathways have been implicated in motor initiation, emotion, and memory formation and storage. The mesostriatal DA system lacks DA autorecepters, and therefore, these neurons readily exhibit bursts of action potentials [16, 17] . Furthermore, it has been reported that DA transport proteins, which are reversed by cocaine resulting in increased extracellular DA [17±19], are located primarily in the projections from substantia nigra to corpus striatum (motor control) and from the ventral tegmental area to the limbic system (memory formation) [20] . The alterations in behavior, such as psychomotor excitement, hyperlocomotion, automatism-like actions, cataleptoid posture, and memory disturbance, observed in the trance group are consistent with a greatly increased activation of the DA system. â-Endorphin is one of the major endogenous opioid peptides. â-Endorphin-producing neurons exist in a limited area of the arcuate nucleus in the hypothalamus and the commissural nucleus in the medulla oblongata [21, 22] . The opioid peptidergic system in the spinal cord primarily has an analgesic function, whereas that in the brain affects the emotional state and induces a sense of well-being and euphoria [23] . In addition, intraventricular injections of a small amount of morphine or â-endorphin induce hyperactivity in rats, while a large amount induces exophthalmos, myoclonus, and decreased deep tendon re¯ex [24] . The cataleptoid behavior with decreased pain sensation observed in the trance group is consistent with the response to opioid peptides observed in an animal model as well as in humans.
Opioid peptides are released with monoamines during periods of high monoamine neuron activation, and act synergistically with monoamines in their effect on postsynaptic cells [25] . These substances are known to have a role in generating pleasure sensation [23] . Indeed, some subjects in the trance group reported euphoria or eudemonia in the interview after the ritual, suggesting that the reward generation system is involved in possession trances.
CONCLUSION
We investigated, for the ®rst time, the plasma concentrations of neuroactive substances from healthy subjects exhibiting behaviors typical to possession trances under natural conditions in the ®eld. Plasma concentrations of NA, DA, and â-endorphin increased to a signi®cantly greater degree in the trance group compared to the control group. The results of the present study suggest that catecholamines and opioid peptides in the CNS are involved in possession trances including markedly altered states of consciousness, memory, pain sensation, and behaviors. The present study represents a strong foundation for further characterization of the neuronal mechanisms underlying possession trances.
